Introduction
============

Reports have shown that inflammation is usually triggered by damage to living tissues resulting from bacterial, viral, fungal infections; physical agents; and defective immune response. The fundamental aim of inflammatory response is to localize and eliminate the harmful agents; secondarily, to remove damaged tissue components to culminate in healing of the affected tissues, organs, or system.[@b1-jir-11-307]--[@b3-jir-11-307] An inflammatory response involves macrophages, neutrophils known to secrete different mediators that are responsible for the initiation, progression, persistence, regulation, and eventual resolution of the acute state of inflammation. The resolution of inflammation is influenced by several anti-inflammatory mediators and the recruitment of monocytes for the removal of cell or tissue debris. It is possible that the resolution may not occur in the acute phase, thereby turning into a chronic phase. Chronic inflammation plays a role in the burdens associated with pathological conditions in both developed and developing countries, particularly in African countries. For instance, chronic inflammation is known to play a role in the development of obesity-associated diabetes secondary to insulin resistance.[@b3-jir-11-307],[@b4-jir-11-307]

Various nonsteroidal anti-inflammatory drugs can reduce pain and inflammation by blocking the metabolism of arachidonic acid by isoform of cyclooxygenase enzyme (COX-1 and/or COX-2), thereby reducing the production of prostaglandin. Unfortunately, there are many side effects associated with the administration of nonsteroidal anti-inflammatory drugs. However, there are medicinal plants with anti-inflammatory therapeutic effects with low or no side effects. The African continent is richly endowed with diverse medicinal plants with anti-inflammatory activities that have been shown to be effective in the treatment of inflammatory conditions in traditional medicine. Interestingly, scientists have examined some of these African medicinal plants and documented their biological and therapeutic activities. Unfortunately, medicinal plants from different regions in Africa with anti-inflammatory properties have not been documented in a single review paper. Therefore, it is important to document the ethnobotanical knowledge and applications of anti-inflammatory medicinal plants from selected countries representing different regions in the African continent.

For centuries, Africans have treated different disease conditions including inflammatory diseases using medicinal plants. Africa is a vast continent. From Egypt, Morocco, and Algeria in the north to Nigeria and Ghana in the west, Cameroon and Gabon in the center, Kenya and Tanzania in the east, and South Africa, Lesotho, Namibia, Swaziland, and Zimbabwe in the south, there are thousands of plants with therapeutic values. For example, there are over 5000 plant species growing in Zimbabwe with over 10% of these plants having medicinal value while in South Africa over 30000 flowering plants are available and some of them are used in treatment and management of pain-related inflammatory disorders in both animal and human subjects.[@b5-jir-11-307]--[@b7-jir-11-307] The truth is that African traditional medicine is usually the first contact in meeting the primary health care need in Africa and is related to its affordability, accessibility, cultural and spiritual acceptance, and knowledge of its preparations and use.[@b5-jir-11-307],[@b8-jir-11-307] The potentials of plant-derived compounds from African medicinal plants have been reported and the interest to use medicinal plants in treatment and management of disease conditions is growing rapidly in Africa even among educated African urban dwellers.

Medicinal plants with anti-inflammatory activities from countries and regions of Africa
=======================================================================================

Egypt
-----

In Egypt, plants have been reported to supply natural anti-inflammatory agents that may display minimal side effects. Species of the genus *Ipomoea* and *Alstonia* have been documented to possess anti-inflammatory activities and scientists have isolated lipoidal and phenolic compounds from this genus.[@b9-jir-11-307],[@b10-jir-11-307]

Research report shows that leaf extracts of *Ipomoea pescaprae* was effective in the treatment of dermatitis caused by jelly fish sting and the edema induced by ethyl phenyl propiolate in experimental animals.[@b11-jir-11-307] In another experiment, Pongprayoon et al[@b11-jir-11-307] isolated compounds from *I. pescaprae* that inhibited prostaglandin synthesis.

In a laboratory-controlled experimental animal model conducted in Egypt, Karawya et al used aerial parts of *Ipomoea palmate*; *Alstonia scholaris*; and the leaves of *Salix subserrata*, *S. tetrasperma*, and *Phyllostachys nigrar* (500 mg/kg rat body weight of each extract) and anti-inflammatory activities of the plant extracts were subsequently assessed in male and female albino mice.[@b12-jir-11-307] Different extracts of the aerial parts of *A. scholaris* showed variable anti-inflammatory activity from which the aqueous methanol extract was the most promising, showing significant anti-inflammatory effect 1 hour after carrageenan injection with 64% inhibition with a maximum inhibition of 91%. The authors also reported that extract of *Ipomoea palmata* and *S. subserrata* produced significant anti-inflammatory activity. The authors suggested that the anti-inflammatory activity profile of the aqueous methanol extracts of *Alstonia* and *Ipomoea* plant species involve reduction of kinin and prostaglandin E~2~ while the anti-inflammatory activity of *S. subserrata* may be linked to the reduction of histamine.[@b12-jir-11-307]

Algeria
-------

Using female rats, Boubekri et al performed anti-inflammatory activity on *Genista quadriflora* munby extract.[@b13-jir-11-307] The plants were collected during the flowering season in May 2008 from the area of El Kala in Algeria. The plant is commonly used in Algeria and Morocco in traditional medicine. In the study, anti-inflammatory activity of the plant extract (100 and 200 mg/kg) was assessed by carrageenan-induced rat paw while edema was induced by injecting 1% suspension of carrageenan in 0.09% sterile physiological saline into the right plantar region of the rat. The n-butanol extract of the *G. quadriflora* demonstrated significant reduction in the edema paw volume in a dose-dependent manner and the aspirin standard (100 mg/kg) produced a significant inhibitory effect comparable to the group that took the plant extract. Carrageenan paw is an acceptable approach in the determination of anti-inflammatory activity as it involves various mediators. The development of edema induced by carrageenan injection is a three-phase process; the first 90 minutes involves the early phase which involves the release of histamine and serotonin, the next phase which commences from 90 to 150 minutes is mediated by kinin, and the last phase (usually after 180 minutes) is mediated by prostaglandin. It was observed that significant inhibitory activity occurred at the third phase (after 3 hours) of edema development. This observation prompted the authors to opine that anti-inflammatory activities of the extract are possibly related to the inhibition of one or more intracellular signaling pathways involved in the effects of inflammatory mediators. Based on the role of free radicals in inflammatory processes, the authors suggested that the anti-inflammatory effect of the extract may be partly linked to its antioxidant content since the extract is very rich in phenolic compounds.[@b14-jir-11-307],[@b15-jir-11-307]

Cameroon
--------

Medicinal plants have been used in traditional medicine in meeting the health needs of people in Cameroon, a country located in central Africa. In Cameroon, research emphasizing discovery of medicinal plants with antioxidant and anti-inflammatory activities is ongoing and recognition has been given to the application of medicinal plants in the treatment and management of several diseases, including inflammatory diseases. In a laboratory scientific study in Cameroon, Sagnia et al examined fresh leaves of *Carica papaya, Eremomastax spectiosa, Eleusine indica, Cassia alata*, and *Polyscias fulva* for their anti-inflammatory potentials.[@b16-jir-11-307] The air-dried and powdered leaf specimen from each plant were macerated separately in ethanol for 48 hours at room temperature and shaking at intervals. Following the extraction procedures, the plant extracts were tested for their anti-inflammatory activities in an experiment. In the assessment of anti-inflammatory activity of the plant extracts, alpha tumor necrosis factor (TNF-α) production from monocyte was evaluated after culture with different concentration of plant extracts in the presence of lipopolysaccharide (LPS). The authors reported that the plant extracts inhibited the LPS-induced TNF production by monocyte purification in a dose-dependent manner and that the most inhibition was achieved with 1 μg of plant extracts by *Er. speciosa, P. fulva*, *and Casia alata followed by El. indica* and *Carica papaya*. It was noted that the anti-inflammatory activity of each plant extract is directly related to the concentration of the phenolic compounds and other constituents that were present in the extracts. Other studies have reported that compounds such as alkaloids, saponins, phytosterols, tannins, flavonoids present in medicinal plants possess anti-inflammatory activities.[@b17-jir-11-307]--[@b21-jir-11-307]

*Dichaetanthera africana* is a medicinal plant commonly used in Cameroon and Congo to treat various ailments as well as inflammatory diseases.[@b22-jir-11-307] In investigating the anti-inflammatory activity of the plant, Kognou and colleagues collected the stem bark from the Littoral region of Cameroon.[@b22-jir-11-307] Air-dried and powdered stem bark of the plant was macerated at room temperature in ethanol to obtain a crude extract. For the experiment, the authors used nulliparous and nonpregnant Wistar rats (180--200 g). Anti-inflammatory activity of the extract from the plant was assessed by protein denaturation method as described by Padmanabhan and Jangle.[@b23-jir-11-307] Diclofenac sodium anti-inflammatory drug was used as standard drug. The reaction mixture consisted of 2 mL of extract or standard (50--100 μg), phosphate buffer saline with pH 6.4 and 5% egg albumin (2 mL). This was incubated at 27 °C for 15 minutes. Denaturation was induced by keeping the reaction mixture at 70 °C in water bath for 10 minutes. Following cooling, the absorbance was measured at 660 nm by using double-distilled water blank. Each experiment was done in triplicate. The percentage inhibition of protein denaturation was calculated. Paw edema was induced by injecting intra-peritoneally 0.1 mL of 1% w/v carrageenan suspension into the sub-plantar region of the hind paw of the rats. Five groups of six rats each were orally treated 1 hour before carrageenan injection with distilled water (10 mL/kg body weight), indomethacin (10 mg/kg body weight), and extract (200 mg/kg body weight). The measurement of the paw edema was performed by displacement technique using a vernier caliper to find out the circumference of paw edema immediately before and after 1, 2, 3, 4, and 5 hours, following carrageenan injection. The plant extract inhibited protein denaturation activity at the different concentrations tested. The maximum inflammatory response induced by carrageenan occurred between 1 and 3 hours. All doses of the extract tested were effective in reducing edema throughout the experiment. The authors concluded that ethanolic extract of the plant had appreciable anti-inflammatory activity and thus justifies its use in traditional medicine in the treatment of inflammatory diseases and other disease conditions in Cameroon.

Gabon
-----

Gabon, like many African countries, has a population that increasingly uses herbal medicine to manage multitude of diseases. In recognition of this, a large program of research on medicinal plants has been carried out at the Institute of Pharmacopoeia and Traditional Medicine in Gabon to contribute effectively to the management of various diseases via development of phytomedicines in accordance with government guidelines. The program involves ethnobotanical surveys, experimental laboratory research, and the production of herbal medicines. There are large number of documented plants used for management of diabetes, hypertension, pain, and inflammation. In Gabon, the stem bark of *Pseudospondias longifolia* and *Antrocaryon klaineanum* are used in traditional medicine as analgesic and anti-inflammatory agents.[@b24-jir-11-307],[@b25-jir-11-307] To test the phytochemical contents of these anti-inflammatory and analgesic agents, Mebale et al collected stem barks of two plants (*P. longifolia and A. klaineanum*) in the northern part of Gabon. After extraction, phytochemical analysis was performed.[@b25-jir-11-307] The results showed that the extracts were rich in alkaloids, tannins, saponins, and flavonoids that possibly explain their potential anti-inflammatory and analgesic activities. In an ethnobotanical survey in Gabon, Tchouya et al reported on 52 medicinal plants belonging to 50 genera and 34 families that are traditionally being used in the treatment of HIV/AIDS opportunistic infections.[@b26-jir-11-307] These plants are also being used as anti-inflammatory agents since inflammation is associated with viral and bacterial infections. The authors observed that 41 of the 52 identified medicinal plants were used in the treatment of 11 disease conditions.

Kenya
-----

In Kenya, traditional medicine is, broadly, culturally accepted and practiced in various regions where over 400 plant species have been documented to be in use as therapeutic agents and in traditional remedies by traditional healers and by the general public in the treatment and management of many diseases, including inflammatory diseases.[@b27-jir-11-307],[@b28-jir-11-307] Bacterial infections and inflammatory diseases are some of the conditions treated with preparations from medicinal plants in Kenya.[@b29-jir-11-307],[@b30-jir-11-307] It is important to note that many of the inflammatory diseases are associated with synthesis of prostaglandins. In 2003, Matu and van Staden evaluated the anti-inflammatory activities of selected medicinal plants used in traditional medicine in Kenya.[@b27-jir-11-307] The authors collected plant materials from natural habitat in central and eastern provinces of Kenya and the identities of these plants were confirmed by a botanist at the East African Herbarium, Nairobi, Kenya. Aqueous, methanol, and hexane extracts of the following plants were used: *Ajuga remota, Conyza schimperiana, Croton macrostachyus, C. megalocarpus, Oxygonum sinuatum, Plectranthus barbatus*. Anti-inflammatory activity of each plant extract was assessed by using COX assay.[@b31-jir-11-307] The results showed that the highest inhibition was with organic extracts of *Galinsoga parviflora, Maytenus senegalensis, Mondia whitei*, *O. sinuatum*, *P. barbatus*, *Xzanthoxylum chalybem*, and *Zanthoxylum usambarense*. It was reported that the aqueous extracts showed lower anti-inflammatory activity, and it was concluded that the results confirmed the therapeutic potency of the 12 medicinal plant species assessed in the study and provide justification for their applications in traditional medicine in the treatment of inflammatory diseases and other diseases in Kenya.

Tanzania
--------

The people of Tanzania have a rich culture of traditional medicine usage and practices with dynamic interethnic cultural interactions of different people from different parts of the country constituting a rich base of herbal and traditional practices. Moshi et al examined the ethnomedicine of the Kagera region in Tanzania and reported on the medicinal plants used in the treatment of various diseases.[@b32-jir-11-307] It was noted that most of the medicinal plants used had more than one therapeutic usage. For instance, *Draceana steudneri* was used for treating fibroids and asthma. The prevailing conditions treated with medicinal plants include respiratory tract infections, cardiovascular disease, infectious diseases, and skin diseases and joint pains. It is important to note that all these disease conditions elicit inflammatory responses. The leaves from the plants were the most commonly used parts (20 species) followed by the roots (13 species) and that monotherapy prepared from the medicinal plants was common compared to mixed preparations from two or more medicinal plants.[@b32-jir-11-307] Sixteen of the 34 plants used are supported by reports of their usage in literature and there are no reports of their harmful effects in human. The plants whose traditional and therapeutic claims are supported in literature in Tanzania are as follows: *Ageratum conyzoides*, *Bidens pilosa*, *Boerhavia diffusa*, *Capparis tomentosa*, *Casia alata*, *Clerodendrum myricoides*, *Lantana camara*, *Flueggea virosa*, and *Veronia amybdalina*. The above-mentioned plants, which are commonly used in Tanzania, have the possibility of being used in drug development and some of them constitute source of food and nutrition for the local community.

Ghana
-----

The COX enzymes convert arachidonic acid to prostaglandin. Prostaglandins are strongly linked to the processes involved in inflammation and are responsible for the sensation of pain and redness associated with inflammatory reaction. On the other hand, inhibition of the synthesis of prostaglandin is expected to result in pain relief and reduce inflammation in inflamed tissues.[@b33-jir-11-307] It is worthy to note that various studies have demonstrated that plants possess inhibitory activity against COX enzymes, and it is believed that such plants could play a role in the treatment of pain and inflammatory diseases.[@b33-jir-11-307],[@b34-jir-11-307] To test this, Larsen et al performed anti-inflammatory test on medicinal plants.[@b35-jir-11-307] They collected plants during the rainy season in Ghana. The plants include the following: *Solanum americanum, Veronia colorata, Scoparia dulcis*, *Hilleria latifolia, Indigofera pulchra, Gardenia ternifolia*, and other medicinal plants.

The plants were air dried, turned into powdered form, and extracted using ethanol. The active extracts were identified using high-performance liquid chromatography. The COX-1 assay was carried out based on methods previously described. Seventeen plant species were tested for COX-1 inhibitory activity. The plants displayed inhibitory activities at different concentration. A low inhibition was observed in some of the plants. It was observed that of all the plant extracts that demonstrated inhibition of COX-1, only G*ardenia ternifolia* is known to have retained its medicinal applications for several decades. Agyare investigated the anti-inflammatory activities of the leaves of *Anchomanes difformis* and the roots of *Colocasia esculenta*.[@b36-jir-11-307] Parts of the two medicinal plants were collected and subsequently identified by a botanist, then processed, and extracted in 70% methanol. To determine the anti-inflammatory activity of both plants, the investigators used carrageenan-induced foot edema. Carrageenan-induced inflammation of the foot-pad of chicks was employed to assess the anti-inflammatory property. The chicks were randomly divided into 11 groups with each group consisting of five chicks. The chicks were weighed, and their foot volumes measured using electronic calipers. Chicks in groups 1--3 were administered with 30, 100, and 300 mg/kg body weight of *A. difformis* leaf orally. Group 4--6 received 30, 100, and 300 mg/kg body weight of *A. difformis* root orally. Groups 7--9 received 30, 100, and 300 mg/kg body weight of *C. esculenta* leaf via oral route while groups 10 and 11 received aspirin (100 mg/kg) and distilled water through oral route. Inflammation or edema was induced by a sub-plantar injection of carrageenan (0.10 μmL of 2% w/v solution) of normal saline into the right footpad of the chicks 1-hour posttreatment. The footpad volumes were measured immediately before the experiment (time zero) and every hour until 6-hour post-carrageenan injection. Results showed that the leaf and root of *A. difformis* and *C. esculenta* elicited anti-inflammatory activities at doses used. The anti-inflammatory experiment shows that the leaf, root of *A. difformis* and leaf of *C. esculenta* possessed significant anti-inflammatory activity with a reduction in edema when compared to control. One limitation of this study, as in some other others, is that the inability of the researchers to isolate the bioactive compounds, thus further study is suggested.

Nigeria
-------

Over 80% of Nigerians depend on medicinal plants in treating various acute and chronic diseases.[@b37-jir-11-307] The use of medicinal plants in Nigeria cut across social and economic classes. Both educated and uneducated people use medicinal plants in Nigeria mainly because of its cultural and spiritual ties. Hassan and colleagues examined the anti-inflammatory activities of five Nigerian plants.[@b37-jir-11-307] These five medicinal plants are used in traditional medicine in Nigeria. In this study, saponins were extracted from five medicinal plants and tested for their anti-inflammatory activities. Saponins are different groups of natural glycosides that are produced primarily by plants, lower marine animals, and certain bacteria.[@b38-jir-11-307] The high demand for medicinal plants is associated with their physicochemical properties and biological activities and has led to the emergence of saponins as commercially important compounds that have found usefulness in food, cosmetics, and pharmaceutical industries.[@b39-jir-11-307] The five Nigerian medicinal plants studied for anti-inflammatory potentials include *Schwenkia americana, Asparagus africanus, Dichrostachys cinerea, Ficus iteophylla*, and *Indigofera pulchra*. The powdered plant material (100 g each) were extracted with aqueous ethanol (70%) and further processed to obtain crude saponins extracts. The anti-inflammatory activities of the five plants were tested in Swiss albino and Wistar rats of both sexes. At the end of the experiment, the crude saponin extracts demonstrated significant anti-inflammatory activity in the carrageenan-induced rat paw edema test. Specifically, the result showed that *D. cinerea* (250 mg/kg) and *F. iteophylla* (20mg/kg) exhibited significant inhibitory activity against the carrageenan edema at all the phases of inflammation and was noticed to be comparable to that produced by ketoprofen (10 mg/kg). Overall, the results suggest that all the crude saponin extracts tested demonstrated significant anti-inflammatory activity that might be mediated through the inhibition of the release and synthesis of the agents that are involved in inflammation. It has been reported that the biological activities of saponins from medicinal plants are linked to their amphiphilic nature, helping in exhibiting these activities via their capability to intercalate into the plasma membrane culminating in changes in membrane fluidity that in turn affect membrane function, thus bringing about cellular responses.[@b37-jir-11-307]

In another experimental study, Ishola et al examined anti-inflammatory effects of the methanolic root extracts of selected Nigerian medicinal plants.[@b40-jir-11-307] Three plants that are used in the treatment of pain and inflammatory conditions by traditional healers were assessed, which include *Alafia barteri, Combretum mucronatum*, and *Capparis thoningii Schum*. Phytochemical screening of the plants shows the presence of alkaloids, saponins, glycosides, cardiac glycosides, and steroidal nucleus. Based on the information provided by traditional healers, fresh roots of the three plants were collected, identified, and processed. The extracts of the plants were dissolved in 0.5% v/v dimethylsulfoxide in physiological saline and were administered to the animals (Sprague--Dawley male rats) by oral gavage. Results from the research report showed that acute oral administration of the three medicinal plants elicited anti-inflammatory effects, and following toxicity test, the extracts from the three plants were considered safe when administered through oral route. It was concluded that the presence of the phytochemicals in the extracts may be associated with the anti-inflammatory potentials of the extracts from the three medicinal plants.

Lesotho
-------

Lesotho is one of the countries in southern Africa and traditional medicine plays a key role in meeting the health needs of the rural population. To examine the traditional and therapeutic use of selected plants in Lesotho, Shale et al focused on interviewing traditional healers and herbalists from different areas about their role in community health care and on plants used in traditional remedies for the treatment of inflammation.[@b41-jir-11-307] In the study, 20 traditional healers and herbalists located in different parts of the country were interviewed using questionnaire. The questions asked ranged from the plants used for treating inflammatory and bacterial infections, methods of extraction, extracting solvents, forms and dosage of medications, storage and cultivation of the plants. As part of the study, the authors collected 23 plants used in the treatment of inflammation from two districts in the country (Mohale's Hoek and Qacha's Nek). The authors processed the air-dried leaves and roots from the plants according to previously described methods. The inhibition of prostaglandin synthesis by the plant extracts was assessed using the in vitro COX assay, as described by Jager et al.[@b31-jir-11-307] The conversion of arachidonic acid to prostaglandins was determined as a measure of the degree of inhibition by the plant extracts. Some of the plants tested include *Aster bakeranus*, *Haplocarpha scaposa*, *Solanum nigrum*, Chenopodium spp, *Festuca caprina*, *Pachycarpus rigidus*. Of the 23 plants, 12 were screened for anti-inflammatory and 12 were found to display anti-inflammatory activity above 90%. Hexane and methanol extracts were the most active while aqueous extracts showed lower activity.[@b41-jir-11-307] This study showed that most of plants used by traditional healers and herbalists in Lesotho are potentially rich source of anti-inflammatory agents.

Swaziland
---------

Medicinal plants form an essential part of Swaziland's biological resources, and it is important to report that many Swazis depend on traditional medicine for their health care needs. This is because traditional medicine is linked to the culture and religious beliefs of the Swazis. The need to preserve the cultural heritage by documenting information on medicinal plants used in traditional medicine in Swaziland motivated Amusan and colleagues to perform ethnobotanical surveys of medicinal plants in the Kingdom of Swaziland.[@b42-jir-11-307] Few of the plants used in the region of Manzini, Swaziland include: *Spirostachys africana, Trichilia emetic, Ximenia americana, Peltophorum africanum*. The investigators reported on traditional medical practitioners in the Mazini region of Swaziland describing 41 remedies for 25 disease conditions including inflammatory disease.

Zimbabwe
--------

Zimbabwe is very rich in medicinal plants that are used in traditional medicine for treatment of diverse disease conditions. There is a growing interest in traditional medicine in Zimbabwe. Over 5000 plant species are known to be growing in Zimbabwe with possibly over 10% of them having medicinal potentials that are commonly used in traditional medicine. Traditional medicine remained the most affordable and easily accessible form of treatment in the primary health care system in Zimbabwe.[@b43-jir-11-307] Maroyi investigated the traditional uses of medicinal plants in south-central Zimbabwe by collating reports on the plant species used in Zimbabwe.[@b5-jir-11-307] He reported on 93 plant species being used as therapeutic agents in the treatment and management of various disease conditions. Seventy-nine of these 93 plant species are indigenous to Zimbabwe, 14 species are exotic either naturalized as weeds or cultivated in gardens as ornamental or food plants. Some of the plants include *Lannea discolour, Seasia tenuinervis, Corisa bispinosa, Flacourtia indica, Ficus ingens*, etc.

Namibia
-------

The traditional healing practices in Namibia have been reported by many researchers.[@b44-jir-11-307],[@b45-jir-11-307] In 1998, Marshall conducted a survey on traditional healers in Windhoek in Namibia.[@b46-jir-11-307] He reported that reliance on traditional medicine is common both in rural and urban areas emphasizing that people are knowledgeable about identities and applications of medicinal plants in meeting their health care needs. It is reported that there are 2400 traditional practitioners in Namibia and reported that 53 plant species are in demand for medicinal use. The ethnobotanical and indigenous knowledge of Namibian traditional healers play an important role in directing plant genetic resources conservation efforts.[@b47-jir-11-307] Forty-two plant species found in Kuiseb valley and 53 plant species in Sesfontein have been described as plants used for traditional medicine in topnaar communities while 110 medicinal plants used by communities of San people in the north-eastern part of Otjozondjupa region of Namibia in traditional medicine has been described.[@b48-jir-11-307],[@b49-jir-11-307]

Brumbaugh documented 20 plants native to Namibia, located between Angola and South Africa on the Atlantic Coast, that are used for traditional purposes by the local people.[@b50-jir-11-307] The documentation of the medicinal plants was aimed at preserving the traditional knowledge that is passed orally from generation to generation in Namibia, as is the case in many of the African countries. As indigenous tribes transition from a nomadic, pastoralist lifestyle, this traditional knowledge is at risk of being lost.

As part of documentation of medicinal plants used in Namibia, Zhen et al reported that local herbalists in Namibia use the leaves and roots of *Ximenia caffra* for various disease conditions.[@b51-jir-11-307] For instance, extracts from the leaf of *X. caffra* has shown anti-inflammatory activity. To evaluate the effect of *X. caffra* leaf extract on the LPS-stimulated expression of inflammatory enzymes and pro-inflammatory cytokines, the mRNA expressions of inflammatory markers lL-6, inducible nitric oxide synthase (iNOS), and TNF-α were measured by qPCR. Treatment of cells with leaf extract of *X. caffra* at different concentrations demonstrated dose-dependent response on the expression of lL-6, iNOS, and TNF-α. The strongest response was seen in lL-6. This shows the impact of *X. caffra* leaf extract on the expression of lL-6, an indication of significant anti-inflammatory activity.[@b51-jir-11-307] Dan et al documented on 17 medicinal plants that are used by people living on Farm Six in San community in Namibia and that *X. americana* is commonly used in the treatment of bacterial infections and inflammatory conditions.[@b45-jir-11-307]

South Africa
------------

South Africa is a country with strong history of traditional medicine, and it is interesting to note that the country has more than 30000 flowering plant species. Traditional and therapeutic uses of plants are growing in South Africa. According to Street et al, it is believed that about 27 million South Africans (about 52% of the population) depend on traditional medicine mainly from plant sources for their primary health care needs.[@b7-jir-11-307] This heavy dependence on the part of such a significant proportion of the population is possibly due to relatively easy access to the plants, their affordability, and perhaps the extensive local knowledge and expertise in communities, even in urban areas. Many South Africans consult traditional healers who administer plant preparations to treat various disease conditions including inflammatory diseases.[@b52-jir-11-307],[@b53-jir-11-307] Reports showed that there were about 200,000 traditional healers practicing in South Africa in 1995, compared to 25000 orthodox doctors.[@b54-jir-11-307] *Hypoxis hemerocallidea* is one of the medicinal plants that has been used in South Africa to treat diabetes and inflammatory diseases. The plant has recently drawn attention of researchers worldwide because of its beneficial medicinal effects. Geographically, the plant is mostly distributed in the Southern hemisphere and is mostly abundant in southern Africa.[@b55-jir-11-307] In South Africa, the African potato wildly grows in the Eastern Cape and all the way up to the KwaZulu Natal area. It is also native in the savannah areas of Lesotho, Mozambique, and Zimbabwe.[@b56-jir-11-307] The therapeutic effects of the African potato were attributed to the presence of sterols, starols, sterolins, norlignan, daucosterols, and hypoxide.[@b57-jir-11-307] In assessing the anti-inflammatory activity of *H. hemerocallidea*, Ojewole used fresh corms of the plant in animal model. He divided rats into four groups (A to D) of eight rats per group.[@b58-jir-11-307] Group A rats used as untreated controls were not treated with anything. Rats in group B received distilled water only. Rats in group C received a graded dose of the aqueous extract of *H. hemerocallidea*. Rats in group D received diclofenac (100 mg/kg body weight). Rat hind paw edema was used as a model of acute inflammation. The rat hind paw edema was induced by intra-plantar injection of fresh albumin (0.5 mL/kg). Linear diameter of the injected paw was measured for 3 hours at 30-minute intervals. Administration of the plant extract of *H. hemerocallidea* yielded significant reductions in the acute inflammation of the rat hid paw demonstrating anti-inflammatory activity of the plant.

*Aspalathus linearis* is an endemic South Africa fynbos species and used to generate herbal tea known as rooibos. Rooibos is used traditionally throughout Africa. In a study conducted by Ajuwon et al, LPS significantly increased the level of hepatic TNF-α, IL-1β, and IL-6.[@b59-jir-11-307] Feeding rooibos (*Aspalathus linearis*) for 4 weeks prior to the LPS challenge was able to reverse the increase in TNF-α and IL-6 observed in the liver to a level that was comparable to what was seen in untreated control animals. It was suggested that the protective effect shown by rooibos on cytokine formation may be due to the plethora of antioxidant phytochemicals found in rooibos, since previous reports have shown that flavonoids found in rooibos such as luteolin, rutin, and quercetin reduced LPS-induced expression of cytokines.

Several plants have been part of the traditional medical practice of indigenous South Africans for many centuries and one of these plants include Aloe ferox. Currently, Aloe ferox is accepted not only in South Africa or Africa but internationally for its effective antiseptic, cleansing, and anti-inflammatory properties.[@b60-jir-11-307] In a laboratory-based animal model, Mwale and Masika evaluated the anti-inflammatory effects of Aloe ferox via carrageenan-induced rat paw edema.[@b61-jir-11-307] Distilled water and indomethacin were administered intraperitoneally to rats in groups 1 (5 mL/kg body weight) and 2 (10 mg/kg body weight), respectively. The extract (50, 100, 200, and 400 mg/kg body weight) were administered intraperitoneally to rats in groups 3 to 6 in that order. After 1 hour, the rats were injected with 0.05 mL of 1% carrageenan suspension into the foot pads of the left hind paws and measurements were taken according to previously described method.[@b62-jir-11-307] There was a significant inhibition of the inflammation caused by carrageenan on the paws of rats with the 400 mg/kg body weight displaying the highest percentage inhibition (78.2%). The anti-inflammatory activity of Aloe ferox extract is attributed to its gel containing three malic acid acylated carbohydrates. The plant also contains anti-inflammatory compound aloeresin. It is also noted to contain carboxypeptidase and bradykinase that tend to reduce inflammation and swelling.[@b63-jir-11-307] Adebayo et al collected fresh leaves of specified plants from Manie van der Schiff Botanical Garden, University of Pretoria, and following previously described methods, they obtained extracts of selected plants and determined the anti-inflammatory activity in vitro using the anti-15 LOX model of inhibition.[@b64-jir-11-307] Crude extracts harvested from two of the plant species tested (*Peltophorum africanum and Zanthoxylum capense*) showed promising inhibitory activities compared with quercetin as a positive control. Their results suggest that bioactive constituents of *P. africanum* had both antioxidant and anti-inflammatory activities.

Mechanisms of action of plants with anti-inflammatory potentials
================================================================

Various mechanisms of actions have been proposed to explain the anti-inflammatory activity of medicinal plants. These include the following:

Inhibition of 15-Lipoxygenases (LOX)
------------------------------------

The lipoxygenase group of enzymes (5, 8, 12, and 15 LOX) plays a role in various inflammatory disorders. The isomeric enzyme 15-LOX is a key enzyme involved in the synthesis of leukotrienes from arachidonic acids. Biologically active leukotrienes are mediators of many pro-inflammatory and allergic reactions, hence the inhibition of the synthesis of leukotrienes by 15-LOX is seen as one of the therapeutic strategies in the management of inflammatory condition.[@b65-jir-11-307]

Inhibition of NOS
-----------------

Inhibition of iNOS is not considered a general characteristic of plant flavonoids. However, plant flavonoids have been reported to inhibit nitric oxide (NO) production, thereby downregulating the expression of iNOS. Flavone and amino-substituted flavones have also been reported to inhibit NO production.[@b66-jir-11-307],[@b67-jir-11-307]

Inhibition of COX
-----------------

Flavonoids are a group of polyphenols with the ability to inhibit the biosynthesis of prostaglandins. There are two commonly known isomeric forms of COX (COX-1 and COX-2). The inhibition of COX-1 and COX-2 has been reported as the molecular target of several anti-inflammatory herbal extracts and herb-derived compounds.[@b67-jir-11-307]

Inhibition of phospholipase A~2~
--------------------------------

Arachidonic acid is a precursor of eicosanoids and is released from membrane lipids by phospholipase A~2~, consequently synthesizing prostaglandins, thromboxanes, and leukotri-enes. The inhibition of phospholipase by any therapeutic agent blocks the COX and LOX pathways in the arachidonic cascade have been shown to be effective in the treatment and management of inflammatory conditions. The first flavonoid inhibitor of phospholipase A~2~ to be identified is quercetin, which inhibited human neutrophils.[@b68-jir-11-307] Selected medicinal plants that have been shown to inhibit phospholipase A~2~ include *Allium sativum*, *Curcuna longa*, *A. cepa*, *Xylopia frutescens*.[@b67-jir-11-307],[@b69-jir-11-307]

Inhibition of pro-inflammatory cytokines
----------------------------------------

Different kinds of pro-inflammatory cytokines are known to regulate inflammatory reactions either directly or by their ability to induce the synthesis of cellular adhesion molecules or other cytokines in certain cell types. Various investigators have reported on the inhibition of pro-inflammatory cytokines following the feeding of rats with plant extracts that are rich in flavonoids.[@b18-jir-11-307]--[@b21-jir-11-307],[@b70-jir-11-307]

Modulation of pro-inflammatory gene expression
----------------------------------------------

The predominant points of cellular regulation affected by herbs and herb-based compounds are the various protein kinases involved in signal transduction including protein kinase C and mitogen-activated protein kinase. Through inhibition of these enzymes, DNA-binding capacity of transcription factors such as nuclear factor-kappa B or activator protein-1 is regulated, thereby controlling the expression rate of the target gene.[@b71-jir-11-307]

Conclusion
==========

The aim of this review was to examine scientific studies on anti-inflammatory activities of selected medicinal plants in use in different regions of Africa. In this review, different plants from selected countries in the various geographical region (north, south, east, central, and west African countries) were identified. It can be seen that African countries are repository of medicinal plants that are readily available and used in the treatment and management of various disease conditions, including inflammatory conditions affecting the teaming population. Several drugs are available both in developed and developing countries (Africa inclusive) for treatment and management of inflammatory conditions; however, many of these drugs are associated with adverse effects. Africans who majorly depend on medicinal plants to meet their health needs believe that orthodox drugs are associated with severe side effects, hence many people in Africa, especially those living in poor-resource setting, use medicinal plants in the treatment of inflammation and pain. Many studies have been performed in different Afri-can countries to evaluate the anti-inflammatory activities of medicinal plants and to validate their use in traditional medicine. Plants have the capability to synthesize various forms of phytochemical compounds as secondary metabolites, many of which have been identified and continue to be relevant in the treatment of disease conditions in the African setting.

Inflammation remains a complex process that is important for the defense of the host. Excessive production of inflammatory mediators may lead to chronic disease. From this review, it is understood that plant extracts can demonstrate anti-inflammatory activities affecting different stages of the process involved in inflammation, inhibiting formation of cytokines and eicosanoids; prevention of inflammatory reaction cascade from commencing reduce flare, itching, and excessive exfoliation. Research on plants with inflammatory activities is one of the developing areas in modern bio-medicine. Further research on plants with anti-inflammatory activities is needed since a great percentage of traditional healers across Africa may have important information of plants that have not been researched.
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